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Washington, D.C. 
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PRELIMINARY AMENDMENT 

Honorable Commissioner for Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Contemporaneous with the filing of this case and 
prior to calculation of the filing fee, kindly amend as 
follows : 

IN THE CLAIMS 

Claim 3, line 2, delete "or 2". 



Claim 7, line 2, delete "or 6", 



If, inadvertently, a proper multiple dependent claim 
has not been amended to reduce it to single dependency, please 
amend it to be dependent solely on the first-mentioned claim, 
or, if that is not possible, please cancel the claim and notify 
the undersigned. 



REMARKS 

The above amendments to the claims are being made in 
order to eliminate multiple dependency and for the purpose of 
reducing the filing fee. Please enter this amendment prior to 
calculation of the filing fee in this case. 



Favorable consideration is earnestly solicited. 

Respectfully submitted^- 

BROWDY AND NEIMARK, P.L.L.C. 
Attorneys for Appiicapt 
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Registration No. 2D, 520 



IN TH5 UNITED STATES PATENT AND TRADEMARK OFFICE 

Art Unit: 



In re Application of: 
Makoto HIRAHARA et al . 



U.S. App . No . : 

(Not Yet Assigned) 

Filing Date: 

EVEN DATE HEREWITH 

For: VISITING PLAN GENERATION... 



Washington, D.C. 



September 25, 2000 



Docket No.: HIRAHARA 1 



SUPPLEMENTAL PRELIMINARY AMENDMENT 

Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 



Prior to examination upon the merits, kindly amend as 



IN THE CLAIMS 

Please add the following claims: 

— 25. A visiting plan generation method as claimed 
in claim 6, wherein, in case that information on any of said 
plural groups contains attributes of said group, said 
attributes being invariable, and group said attributes being 
invariable or variable, and group constraints for constraining 
members belonging to said group, and that said group is a 
variable-member group, data of initial group formation is also 
indicated. 

-1- 



26. A visiting plan generation method as claimed in 
claim 2, wherein, if an unassigned destination is found, new 
assignment of said unassigned destination and visiting plan re- 
formation therewith are performed, and as required, re- 
assignment of already assigned destinations and/or re- 
arrangement of said plural groups, and visiting plan re- 
formation therewith are performed. 

REMARKS 

Claims 1-2 6 presently appear in this case. The 
above amendments to the claims are being made in order to add 
new claims and to restore at least partly the varying scope of 
claims which was eliminated by the elimination of multiple 
dependencies in the claims. 

Favorable consideration is earnestly solicited. 
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Facsimile No. : (202) 737-3528 



Respectfully submitted, 
BROWDY AND NEIMARK, P.L.L.C. 




Registration No. 20,520 
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VISITING PLAN GENERATION METHOD AND SYSTEM 

BACKGROUKTD OF THE XJSrVENTIDJSr 

Field of tlie invention 

The present invention relates to a method for generating 
a visiting- plan and a system ther-efor. More particularly, tli© 
invention pertains to a visiting plan grcncrating method and 
system wherein, for a plurality of groups having invariable 
and./or variable members (persons or apparatuseB) to visit: a 
plurality of destinations on a task- sharing basis, optimum 
formation of the plural groups, optimum destination assignment 
to the plural groups, and optimum planning for each or the plural 
groups can be carried out. 
Description of the Related Art 

AS a typical example of a problem concerning generation 
of an optimum visiting plan, there is a classic mathematical 
problem called the Traveling Salesman Problem, in which an order 
of Visiting a plurality of cities through a minimum total path 
is to be determined on the assumption that a visit must be made 
to each of the plural cities only once. That is to say, in the 
Traveling Salesman Problem, a travel distance uniqTiely 
determined according to an order of visiting cities is used as 

a cost function to seek an optimum solution. For example, an 
approximate solution to the Traveling Salesman Problem has been 
proposed by HopEield, or. J. ancl Tank, D. w, (Hopfield, a. J, 
& Tank, D- W., (1985) "Neural" Computation of Decisions in 
Optimization Problems, Biological Cybernetics, 52, pp. 141 - 
152) using the Hopfield model (Hopfield, J. J., (1984) Neurons 
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wifch garade^a cesponoc ha-vc cQllective compiitational properties 
like those of two- state neurons; Pr-oceedings of the National 
Acaaemy of Sciences, USA, 81, pp. 3088 - 3092) . 

m clie Traveling salesman pro&leiu iiaudled in conventional 
solution meclioas, liowever, optimization feas been attempted on 
th© premise that a single salesman ±0 to visit all the cities 
of interest. 

In a situation where one saltssman cannot cover all the 
cities of interest, it is required to make assignment: co a 
plurality of salesmen. An optimum solution menhod in sucll a 
case has not teen devised lierecoJIore , however, 

SUMMARY OF THE INVENTION 

in view Of nhe foregoing, it is an object of the present 
invention co provide a visitingr plan generation method and 
system for promptly carrying out optimum formation of groups, 
optimum destination assignment to the groups, and optimum 
planning for each o£ the groups in an optimization problem 
concerning a visiting plan. 

It is another abject of the present invention to provide 

a visiting plan generation method and system for making an 
optimum solution for a visiting plan applicable to generation 
of such action plans as a transportation plan, process plan, 
and operation plan. 

la accomplishing these objects of the present invention, 
there is provided a technique in which a visiting plan is 
generated £037 a plurality of groups instead o£ generation of 
a visiting plan for an individual as in the conventional solution 
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metlioia^ the. Traveling Salesman Problem, Acaording to one 
aspect of th.e present invention, at least information on a 
plurality of giro-ups , information on members of each of th.e plural 
groups, and information on destinations are input, optiimim 
formation of the plural groups and optimum destination 
assignment to eacli of ciie piurax groups are made using a cost 
function for evaluating- a visiting- plan. Tiius," in prepax-ation 
of a viaiclng plan ror a plurality of g-roups to visit a plurality 
of destinations on a task- sharing Jjasis, it is possible to carry 
out optimum formation o£ the plural groups, optimum destination 
assignment to the plural groups, and optimum planning for each 
of the plural groups . 

Further, in accordance with another aspect of the present 
invention, using the cost function, a maximum cost value in a 
plurality of groups is minimized, an average cost value in the 
plural groups is minirnized, or cost values in the plural groups 
are equalised. Thus, it is possible to generate a visiting plan 
so that visiting actions can be'taKeiiat loV dost from a viewpoint 
of the whole of Che groups or -without variation in cost among 
the groups. 

Still further, if an unassigned destination is found 
during generation processing operation of a visiting plan, new 
assignment of the unassigned destination and re -formation of 
Che visiting plan are performed. As required, re-assignment 
of already assigned desstinations and/or re -arrangement of 
groups, and visiting plan re- formation therewith can be 
performed. It is also possible to make re -arrangement of 
variable -member groups as reauired, when the unassigned 
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destin^tiqa is, added for- group re - arrangement , optimum 
formation o£ the groupiS, optimum destination, assisfnment to th.e 
groups, and optimum planning for each of die groups can be 
carried out according to the result o£ cost calculation. In 
this manner, according to the visiting plan generation method 
of the present invention, for a plurality of groups having 
invariable and/or variable members (persons or apparatuses) to 
visit a plurality of destinations on a task-sharing basis, it 
is possible to promptly accomplish optimum formation o£ 
variable -member groups, optimum destination assignment to the 
groups , and optimum planning for each of the groups . The presenc 
invention can therefore provide an effective method applicable 
to generation of such action plans as a transportation plan, 
process plan, and operation plan. 

In accordance with another aspect of the present invention, • 
for generating a visiting plan in which a plurality of groups 
are to visit a plurality of destinations on a task- sharing basis, 
at least information on the plural groups, information on 
members of the plural groups, and information on the 
destinations are input, and optimum formation of the plural 
groups and optimum destination assignment to each of the plural 
groups are made using a cost function for evaluating the visiting 
plan. Thus, the present invention- makes it possible to carry 
out optimum formation of the groups, optimum destination 
assignmeiit to the groups-, and. optimum planning for each of the 

groups. 

Furthermore, at least one of processing operations 
including minimization processing for minimising a maximum cost 
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value in a, plua^ality of groups, minimization processing for 
minimising- an average cose value in the plural groups, and 
equalisation processing for equalizing cast, values in the plural 
groups is carried out using a cost function. Thus. ODCimum 
formation of the groups, optimum flestinacion assignment to the 
groups, ana optimum planning ror each of the groups can be 
^ accomplished at low cost from a viewpoint o£ the whole of the 
groups, xt is also possible to accomplish optimum formation 
of the groups, optimum destination assignment to the groups, 
and opfcimum planning foar each of the groups without variation 
in cost according to the result of cost calculation. 

Still further, in accordance with another aspect of che 
present invention, if there is an unassigned destination, new 
assignment of the unassigned destination and visiting plan 
re -formation therewith are performed. As required, 
ire -assignment o£ already assig-ned destinations and visiting 
plan re-formation therewith can £)«. p^arfox-med. a?hus, any 
unassigned destination can be added, and even witli addition of 
the unassigned destination, optimum formation of the groups, 
optimum destination assignment to the groups, and optimum 
planning for each of the groups can h© carried out according 
to the result of cost calculation. 

Still further, in accordance with another aspect of the 
present invention, there is provided a visiting plan generation 
method wherein, for a plurality of groups having invariable 
and/or variable members to visit a plurality of destination on 
a task- sharing basis, optimum formation of variable-member 
groups, optimum destination assignment W the plural groups. 
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and optimum planning for each of the plural groups are 
accomplished. In the visiting plan g-eneratiori method, at least 
information on the plural destinations, inf orciation on the 
plural groups, and information on tiie plural members are input, 
and new assignment of an unassigned destination and visiting 
plan re - formation therewith are performed using- a. cost funetion 
for visiting plan evaluation. As required, re -assignment of 
ali-eady assigned destiiiatioris andyfar r-e - arrangement of the 
var-iable-Kiembex- garoups and visiting plan re- formation 
therewith' are performed. Further, at least one of processing 
operations including miniiaizacion processing for minimizing a 
maximum cost value in the plural groups, minimization processing 
for minimizing an average cost value in the plural groups, and 
equalization processing for equalizing cost values in the plural 
groups is carried out. Thus, optimum formation of the groups, 
optimum destination assignment to the groups, and optimum 
planning for each of the groups can be aeooraplishsd . 

Still further, in accordance v^ith another aspect of the 
present invention, there is provided a visiting plan generation 
method in which the information on. destinations contains 
locations of the destinations, and as required, the information 
of the destinations also contains conditions of tasks to be 
performed at the destinations. Thus, according to the 
locations of the destinations and the conditions of the tasks 
to bo performed at the destinations, it is possible to make 
optimum formation of the groups, optimum destination assignment 
to the groups, and optimum planning for each of the groups. 
Still further, in accordance with another aspect of the 
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present inyentipn, an case that information on any group 
contains attributes of the group (invariable or variable 
attribute values) and group constraints for constraining 
members belonging to the grotap and that the group is a 
variable -member group, initial group formation data is also 
indicated, thus, according to characteristics of respective 
groups, it is possible to carry out optimum formation o£ the 
groups, optimxim destination aeisignment to the groups, and 
optimum planning for each of the groups . 

Still further, in case that the attribute values of any 
group are variable, initial group formation data is also 
indicated. Thus, with an initial group formation taken into 
account as a group characteristic, optimum formacion of Che 
groups, optimum destination assignment to the groups, and 
optimum planning for each of the groups can be carried out. 

Still further, in accordance with another aspect of the 
paresent invention, in case that constrains for- any group inclwde 
a relationship among members belonging- to the group and that 
the group Is an invariable -member group, data of group formation 
is also indicated. In case that the group is a variable -member 
group, the maximum number- of accommodable members and 
designations thereof are indicated. Thus, according to 
characteristics of members belonging to respective groups, it 
Is possible to carry out optimum formation of the groups, optimum 
destination assignment' to thes'groups , and dptimum planning for 
each of the groups. 

Still further, in accordance with another aspect of the 
present invention, information on any member contains a mobile 
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capatoiliny, of tjie memiaer Ca speed of movement: or a value 
equivalent thereto) and a working capability (a time to be taken 
for accomplishincf a task or a value equivalent thereto) . Thus, 
aecor-ding to characteristics o£ respective members, optimum 
formation of the groups; optintum' as-signniBnE co the groups, anfl 
optimum planning for each of the groups can be carried out. 

Scill further, in accordance with another aspect o£ the 
present invention, a cost function contains a coefficient 
inherent in each group and/or a threshold inherent therein. 
Thus, in a fashion, in which a ratio of loads on respective groups 
is specified, optimum formation of the groups, optimum 
destination assignment to the groups, and optimum planning for 
each <2>£ the groups can be carried o-ut. 

Still further, in accordance with anotlier aspect of rhe 
preoent invention, a value of a cost funccion (cost value) 
represents a value of distance (or a value which can be 
represented in terms of . disrancQ through conversion) and/or a 
value of time (or a value wnlcn can be representefl in terms of 
cime through conversion) , Thus, in terms of time or distance, 
optimum formation of the groups, optimum destination assignment 
to the groups, and optimum planning for each of the groups can 
be carried, out. 

Still further, in accordance with another aspect of the 
present invention, at the time of new assignment of anunassigned 
destination and visiting plan re -formation therewith, group 
selection is made for the unassigned destination, tentative 
assignment of the unassigned destination, re- formation of a 
tentative visiting plan, and tentative cost calculation are 



pel-formed, for e^cb. group, the unassigned oLeetination is formally 
assigned to a group Kaviag a minimum tentative cost, and tlie 
tentative visiting plan is adopted formally. Thus, new 
assignment of the unassigned destination can be accomplisHed 
promptly. 

Still further, in aecoroLance with another aspect of th© 
present invention, in group selection, at least a group having 
a minimum cost at the current point of time is selected. Thus/ 
new assignment of the unassigned destination can be accomplished 

promptly and optimally, •• • . 

Still further, in accordance with another aspect of the 
psresenfc invention, in re-assignment of already assigned 
destinations and visiting plan re-£ormation therewith, a 
plurality of groups are selected, the BClecced plural groups 
are divided into a group having a maximum cost (group A) and 
a set of this other groups, already assigned destinations axe 
tentatively unassigned from c&G group A, tentative visiting plan 
re- formation and tentative cost ( tentative cos t A) calculation 
are performed for the group A, tentative assignment of the 
tentatively unassigned destinations, tentative visiting plan 
re- formation, and tentative cost calculation are performed for 
each group belonging to the set . of^ the' other groups, and if a 
minimum tentative cost (tentative cost B) and the tentative cost 
A are lower than an original cost of the group A, tentative 
conditions that have cauised the tentative cost A and tentative 
cost B are adopted formally. Thus, re-assignment of the already 
assigned destinations can be carried out promptly. 

Still further, in accordance with another aspect of ths 
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present: in,vG]atj,on. in selection of a plurality of groups, at 
leasr a group Having a maximum cost at the eurrent point of time 
and/or a group having a- minimum- .cost at. tjie .current point of 
time azre selected. Thus, x-e-asBignmcnt o£ the already assigned 
destinations can be carried out promptly and optimally. 

Still fuirther, in accordance wlcli another aspect of the 
present invention, in variable -member group re -arrangetaenfc and. 
visiting plan re- formation therewith, a variable-member group 
in Which the number of members is smaller than the maximum number 
of acconunodable members is selected, unaseigned members are 
selected within a range that group eonstr-aints are satisfied, 
each of the members thus selected is tentatively assigned to 
the selected variable -member group, tentative visiting plan 
re -formation and tentative cost calculation are performed, and 
if a minimum tentative cost is lower than an original cost o£ 
the selected variable -member group, tentative conditions chat 
have caused the minimum tentative cost are adopted formally. 
Thus, addition of the unassigned members to the variable -member 
group can be carried out promptly- 

Still further, in accordance with another aspect of the 
present invention, in variable -member group selection, among 
variable -member groups in which the number of members is smaller 
than the maximum number of accommodable members, a 
variable -member group having a maximum absolute value of 
difference between the number of members and the maximum number 
of accommodable members is selected. Thus, addition of the 
unassigned members to the variable -member group can be carried 
out promptly and optimally. ' *" ' 
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Stil^ further, in sccoraance with another aspect: of the 
present invention, in variable -member group re - arrangemsnt and 
visiting plan re- formation therewith, a variable -member group 
is selected, a.t least one of members of the selected 
variable -member group is unassigncd, unassigned members are 
selected witkin a range that grovip constraints are satisfied, 
each of the members thus selected is tentatively assigned to 
the selected variable -ipember . grouj?/. ., tejatative visiting- plan 
r«=-f orination and tentative cost calculation are performed, and 
if a minimum tentative cost is lower than an original cost of 
the selected variable -member group, tentative conditions that 
have eausecl the rainimujcn tentative cost is adopted foarmaXly. 
Thus, assigned members belonging to a variable -member group can 
be e3cchanged with unassigned members promptly, 

still further, in accordance with another aspect of the 
present invention, in variable -member group selection, a 
variable -member group having a maximum cost at the current point 
of time is selected. Thus, assigned members belonging to a 
variable -member group can be exchanged with unassigned members 
promptly and optimally. 

Still further, in accordance with another aspect of the 
present invention, in variable -member group re- arrangement and 
visiting plan re- formation, a plurality of variable -member • 
groups are selected, the selected plural variable -member groups 
are divided into a variable -member group having a maximum cost 
(variable -member group A) and a set of the other variable -member 
groups, tentative member exchange is made between each 
variable -member group belonging to the set of the other 
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variable 'member. grouDS' and ' nlie variabl e -member group, a witJiinf 
a range chat group constraints are satisfied, tentative visiting 
plan re- f oarmation and tentative cost calculation aare per-for-med 
for the set of the other variable -member groups, tentative 
visitinj plan re- formation and tentative cost calculation are 
performed for th.e variable -member group A, a tencative cost of 
tlie set of tlxe other variable -member groups is compared, -wich 
a tentative cost of the variable -member group A to select a pair 
cost corresponaing co a higher one, and. if a minimum value of 
the pair cost is lower than an original cost of the 
variable -member group a (maximum cost) , tentative conditions 
that have caused the minimum value o£ the pair cost are adopted 
formally. Thus, «iem!bez:. exehan^'e; between the variable -member 
groups can be carried out promptly. 

Still further, in accordance with another aspect of the 
present invention, in selection of a plurality of 
variable -member groups, a variable -member group having a 
maximum cost at the current poinr of time is selectea. Thus, 
member exoliang-e between the variable -member groups can be 
carried out proniptlir and optimally. 

Still further, in accordance with anothear aspect o£ the 
present invcsntion, in selection o£ a plurality of 
variable -member groups, either one of a variable -member group 
having a maximum cost at the current point of time and a 
variable -member group having a minimum cost at the current point ' 
of time is selected. Thus, member exchange Isetween the 
variable -member groups can be carried out promptly. 

Still furclier, in accordance with another aspect of the 



I- 9-20 121 :Emm$m 



i 0 3 52 1 02 52 0 



13 

present invention, there is provided a visiting plan generation 
system comprising: input means for receiving various kinds of 
necessary information for visiting plan generation; state 
memory means for memorizing a state taken at a predetermined 
point of time and an optimum state in preceding visiting plan 
conditions; new- assignment means for nawiry assigning an 
unassigned destination; re-assignment means for re-assigning 
an already assigned destination; group re - arrangement means for 
re-arranging groups; plan re- formation means for re-forming a 
visiting plan for each group; and cost calculation means for 
calculating a visiting plan cost for each group. In this system, 
optimum formation of the groups, optimum destination assignment 
to the groups, and optimum planning for each of the groups can 
fc>e carried out e£ficiently. 

Still further, in accordance with another aspect of the 
present invention, there is provided with a visiting plan 
generation system wherein the input means is so structured as 
to receive at least inf prmatipn on ,des information 
on groups, and information on members. Thus, based on each of 
these information, optimum formation of the groups, optimum 
destination assignment to the groups, and optimum planning for 
each of the groups can be performed efficiently. 

As mentioned above, the present invention provides a 
visiting plan generation method wherein, for a plurality of 
groups having invariable and/or variable members (persons or 
apparatuses) to visit a plurality of destinations on a 
task- sharing basis, it is possible to promptly accomplish 
optimum formation of variable -member groups, optimum 
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desclnation asaignment to th.e groups, and optimum planning for 
each of the garoups. The present invention, is thcr-cfor-c -usable 
as an effective method in applications of generating such action 
plans as a transportation plan, process plan, and operation plan . 

Accordingly, it is a general ouject of the present: 
invention co provide a visiting plan generation methodl and. 
sysrein for promptly carrying out optimum formation of groups, 
optimum destination aseigatnent to the groups, and optimum 
planning for- each of the groups in an optimization problem 
concerning a visiting plan. 

Another object of the present invention is co provide a 
visiting plan generation method and system for making an optimum 
solution for a visiting plan applicable to generation of such 
action plans as a transportat; Jon plan, process plan, and 
operation plan. 

The above and other objects, features and advantages' of 
the present invention will become wore apparent from the 
following detailed description with reference to the 
accompanying drawings . 

BRIEF DESCRIPCPIOK- OF THE DRAWINGS 

FIG. 1 is a block diagram of a system for implementing 
a visiting plan generation method in a preferred embodiment of 
the present invention; • . - 

Fio. 2 is a diagram showing informacion on destinations 
in the preferred embodiment of the present invention ; 

FIG. 3 is a diagram showing information on groups in the 
preferred emboaiment of the present invention; 
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PIG. 4 is, a diagxanv showing information on membsr-s in the 
preferred emfaodiment of the present invention; 

PXG. 5 is a diagram showing fooriaatioii of groups and. a 
visiting plan theref oa^. in. th.e , pr^,,f.errea embodiment: of the 
present invention; 

FIG. 6 is a diagram slxowing destination assignment to 
groups in t2ie preferred embodiment of the present invention; 

FXG. 7 is a diagaran* showing belongingaesa of members to 
groups in the preferred embodiment of the present invention; 

FIG. e is a flowchart for explanation of a new assigrnraesnt 
processing operation by new- assignment means in the preferred 
embodiment of the present invention; 

FIG. 9 is a flow chart for explaining the first half of 
a re-aocignment processing operation by re -assignraenc means in 
the preferred embodiment of the present- invention; 

FIG. 10 Is a fiowcnart: for explanation of Che second half 
of the re- assignment processing operation continued from PIG. 
5; 

FIG. 11 is a flowchart for explanation of a group 
re -arrangement processing operation by group re -arrangement 
means in cfie preferred embodiment of the present invention; 

FIC3. 12 is a flowchart for explanation of another group 
re -arrangement processing operation by the group 
re -arrangement means in the preferred embodiment of the present 
invention; 

FIG. X3 is a flowchart for exulanation of the first half 
of another group re -arrangement processing operation by the 
group re -arrangement means in the preferred embodiment of the 
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present in-vention,; and 

FIG. 14 ig a flowchart for explanation of the second half 
of the g-ro-up rc- arrangement processing pperation continued from 

PIG. 13. 

DETAILBO DKSCRIPTIOW OF THE PREFERRBD EMBODIMENTS 
The present invention will now be described in detail by 
way or sxaraple with reference to PIGS. 1 to 14. 

Referring to fig. 1,. there is shewn,. a block diagram of 
a visiting' plan g-ener-ation system for implementing a visiting 
plan generation method in a preferred embodiment of the present 
invention. In PIG. 1, reference numeral 11 indicates input 
means for- r-cceiving various kinds of information including at 
least information on destination, information on groups, and 
information on raemijers, reference numeral 12 indicates state 
memory means for memorizing a State taHen at a predetermined 
point of time (group formation, group visiting plan, destination 
assignment, belongingness of members) and an optimum state in 
preceding visiting plan conditions, reference numeral 13 
indicates new-assignment means for newly assigning an 
unassigned dentination, reference numeral 14 indicates 
re -assignment means for re -assigning an already assigned 
destination, reference numeral 15 indicates group 
re - arrangement means for re- arranging groups, and reference ' 
numeral IG indicates plan re-formation means for re-forming a 
visiting plan for each group, reference numeral 17 indicates 
cost calculation means for calculating a visiting plan co?:t for 
each group, and reference numeral 18 indicates output means for 
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delivering, outjjut data. The input means 11 reads in the 
inCormatiorx on dl6st;irxat,ioJis^,-. infoji^matioii ..on .groups, and 
inf oriTvacion on memtoers, and retains these read- in information. 

Referring to FIG. 2, there is shown, an example of 
information on destinations. For instance, destination 3 is 
at location "x ~ 13, Y - 5", and a member visiting aestinatxon 
3 is to accomplish tasks A and B. 

Referring to FIG, 3, there is shown an exaniple of 
information on groups. For Instance, group 2 is a 
invariable -roemtoer group consisting of members 2 and 6, and a 
relationship be'cween taembei-s 2 and 6 belonging to tlxis group 
indicates a condition that two members are to be positioned 
within a pi-edetermiaed distance i-ange (e.g., a constraint in 
a situation where two members go on a visit while conununi eating 
with each other using transceivers, or two members are connected 
fay a aord) . Group 3 ia a variable-member groups, Che maximum 
numbear of members in this gro-up is 3, anar member may be made 
to belong to this group, a relationship of members indicates 
a condition that chree members are to be aligned equidis tantly, 
and roeinbesrs 1 and 4 are provided in initial grOup formation. 

Referring to FIG. 4, there is shown an example of 
information on members. For instance, member 1 provides a 
mobile capability (speed of movement) of 7 , a working capability 
{time requirement;) of 3 for tasX A, a time requirement of 2 for 
task B, and a time requirement o£ 100 for task C (i.e., member 
1 is not: good at task C) . 

Then, the state memory" means 12 is described below. 
Information on destinations, information on groups: and. 



9-20; 21: 38 lEm^^mffi 



; 03 52 1 0 252 0 



# 20/ 51 



18 

inroritiatian on jnemJsers r'etaiiie4a in the input means 11 are fed 
to th-e sttate memory means 12, in which a state {including group 
formation, gro-up visiting plan, destination a.ssigntaent , and 
belongingness of members) is then initialized- Thereafter, the 
state memory means 12 updates and memorizes a state according 
to a ctiaiigre indicated by the new-assignment means 13, the 
xe-assignrasnr means 14,.. and .c]pi.e g;rqup,, re -arrangement means 15, 
which will be e^cplained more fully later. 

Referring to PIG. 5, there is shown an example of formation 
of groups and a visiting plan therefor. For instance, 
variable -member gi-oup 3 includes members 1 and 5. Member 1 
belonging to this group is to visit destination 9 for performing 
task C, member 5 ia to visit destination 1 for performing task 
C, and member 5 is to visit destination 5 for performing CasJc 
B. 

Referring to FIG. 6, there is shown an example of 
destination assignment to groups- For instance, destination 
1 is assigned to group 3, and destination 2 is an unassigned 
destination. 

Referring to Fis. 7, there is shown an example of 
belongingness of members to groups. For instance, member 1 
belongs to group 3, and member 3 is not yet made to' belong to 
any group. The state memory means 12 memorizes these conditions. 
After the numLber of unassigned destinations becomes zero, the 
state memory means 12 also memorises a minimum of a state cost 
F (X) attained so far. {State cost P (X) : A cost in state X; 
to be distinguished from Fi (Xi) representing a cost of visiting 
plan Xi for group "i" in state X, which is calculated by the 
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cost calcmatipn means 16 to be explained later) That is to 
say, the visiting- plan generation method of the present 
invention has a feature that a minimum of the state cost F (X) 
is determined. 

Further, the visiting plan generation method of the 
present invention is characterized in chat a maxiiuum cost value 
in groups is minimized and in that cost values in groups are 
equalized- For instance, the state cost P (X) is subjected to 
minimisation as expressed, bellow: 

F (X) = a X MAXi [Fi (Xi)] + j8 X S {X) " (Eq. 1) 

In this expression, MAXi [Pi (Xi) ] is a function that 
returns a maximum value with respect to "i" of Fi (Xi) , i.e.. 
a. £u.n<reioii that jreeurnc a smaller value as a maximum cost value 
in groups in state X is decreased. S (X) is a function that 
evaluates variation with respect to "i" of Fi (Xi) in etate X, 
i.e., a function that returns a smaller value as cost values 
in groups in state X are equalized. As a concrete example of 
3 (X) , a standard deviation or variance function for "i" of Fi 
(Xi) in state X is applicable. As to coefficients at and iS , 
conditions " a ^ O" and "BATA ^ O" must be satisfied on the 
premise that at least one of them has a value. 

More specifically, the state cost P (X) defined by 
Equation 1 takes a smaller value as a maxi mum' cost value in groups 
in state X is decreased and/or as cost values in groups in state 
X are equalized. Through minimiaation of the state east F (X) , 
it is possible to carry out minimization of a maximum cost value 
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in garoups .and/or equalization of cost values in groups. 

Purtlier, for realising iriinimizafcion. o£ an average cost 
value in groups aini/or eqTialization of cost values in groups* 
the state cost F {X) may be expressed as shown below, for example : 

F (X) = a X AVEi [Fi (Xi)3 * jS X S (X) (Bq. 2) 

In tills expression, AVEi [Pi (Xi) 3 is a function for 
returning an average value with respect to "i" of Fi (Xi) , i.e., 
a function that returns a smaller value as an average cost value 
in groups in state K is decreased. 

Then/ the new- assigtiiaent means 13 is clescribed below. 
State X memorized in the sate memory means 12 is fed to cue 
new- as sigmnenf means 13, using the plan re- formation means 17 
(to be explained later) , the new- assignment means 13 newly 
assigns an unassigned destination co a group. FIG. 8 shows an 
example of a flowchart, of internal processing to' be carried out 
in Che new- assignment means 13. As shown in FIG. S, in step 
S801, reference is made to state X (FIG. 6) for selecting one 
or plural unassigned destinations. Then, in step S802, except 

groups having no TR&TeLSa&xT^ , one oar plural groups iii,clud.ing a group 

Having a Tninimum cost at the current point of time are selected. 
Then, for each selected group (step S803), the following steps 
are taken; Any selected unassigned destination is tentatively 
assigned to each selected group (step S803a) , and using the plan 
re- formation means 17, a tentative visiting plan and a tentative 
cost are determined for each selected group (step S8 03b) . Then, 
in step S804. a group "a" having a minimum tentative cost is 
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selected from .the selected groups. Then, in sstep EBQS, an 
unassigned destination is for-mally assigned to the group "a". 
Finally, the tentative visiting plan for the group "a" is adopted 
as a £ormal visiting plan. Throug-h the steps mentioned above, 
a proper group can be determined for assignment: of each, 
unassigned destinacion . 

The re -assignment means Id is then d.e scar ibed below. State 
X memorized in the sate memory means 12 is fed to the 
re -assignment means 14i . Using the plan re - formation means 17, 
the x-e -assignment means .14 Js.e-.aesigns- an ^aljready aocigncd 
destination to a group. PIG. 9 presents an example of a 
flowchart showing the firist half of re -assignment processing 
to be cararied out by the re- assignment means 14, and FIG. 10 
presents an example of a flowchart showing the second half of 
re-assignment processing to be carried out by the re -assignment 
means 14. Referring to chese figures, xn step S901, except 
groups having no members, a plurality of groups including a group 
having a maximuin cost at the current point of time and/or a group 
hiaving a minimum cost at Che current point of time are selected. 
Then, in step S902, the selected groups are divided into a group 
having a maximum cost (group "A"} and a set o£ the other groups 

(group set) . Tlien, in step S903, a destination is tentatively 
unassigned from the group "A". In step S904, using the plan 
re- formation means 17, a tentative visiting plan and a tentative 
cost are determined for the group "A". Then, for each group 
in the set of the other groups (8905) , the following steps are 
taken s The destination which has been tentatively unassigaed 
in step S903 is tentatively assigned to each group therein 
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(5905a) , anfl using tne plan re- formation, means 17, a tentative 
visiting plan and a tentative cost are determined for each group 
therein (SSOSb) . Then, in step S90Gj group "a" having a niiniinuin 
tentative cost is selec.ted from the set of the other groups. 
Finally/ if both the tentative cost of group "A" and the 
tentative cost of group "a" are lower than an original cost of 
group "A" Ca cost inaicaced before tentative unassignment) 
(5907) , the following steps ars taken: The tentative 
unassignment of group "A" in step S903 is formally adopted 
(Sg07a) , th© tentative visiting plan for group "A" in step S904 
is formally adopted {S907b) , the tentative assignincnt to group 
"a" in step S905a is formally adopted (S9 07c) , and the tentative 
visiting plan for group "a" in step S905b is formally adopted- 
Through the steps mentioned above, an already assigned 
destination can be re -assigned to a proper group - 

The group re -arrangement means 15 is then described below. 
State X memorized in the state memory means 12 is fed to the 
group re -arrangement means 15. tjsing the plan re -formation 
means 17, the group re - arrangement means 15 re -arranges groups. 
FIGS, 11, 12, 13 and 14 present, examples of flowcharts showing 
group re - arrangement processing to be carried out by the group 
re -arrangement means 15. The following explains the group 
re -arrangement processing with reference to these figures. 
Note that PIGS. 13 and 14 are flowcharts showing the first half 

s-n«L fclie s«com.cl half of a group re - arrangement processing 
operation, respectively. 

Referring to FIG. 11. in step SlOQl. a variable -member 
group in which the number of members is smaller than the maximum 
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number of .acqroigmodable members (fig. 3) is seiectedl. xn this 
step, it is alternatively preferable to select a varialsle-meiaber 
group having a luaximum absolute value of difference between the 
n-umber of memtiers and the maximum number of aceommodable members . 
Then, In step S1002, unassigned members are selected within a 
range that group constraints (PIG. 3) are satisfied. Then, for 
each of the unassigned members thus selected (SX003} , the 
following steps are takeu: Bach selected member is made to 
tentatively belong to the selected variable -memfeer group 
(SlOOSa) , and using the plan re-formation means 17, a tentative 
visiting plan and a tentative cost are determined (Sl003b) . 
Finally, if execution of step S10 03 results in a condition that 
a minimum tentative cost of the selected variable -membei- group 
is lower than an original cost thereof (S1004) , the following 
steps are talcen: An unassigned member "a" which has caused the 
minimum tentative cost is selected {S1004a) , the unassigned 
member "a" is made to formally belong to the selected 
variable "member group (S1004b) , and the tentative visiting plan 
is fosrmally adopted for the selected variable -member group 
(S1004c) . Thus, an unassigned member can be added to a 
variable -member group in which the number of members is smaller 
than the maicimum number of aceommodable lueitlbers (FIG. 3). 

Referring to FIG-; 12-, in Step sil-Olr a- variable -member 
group is selected and its members (at least one of members) are 
unassigned- in variable-group selection, it is alternatively 
preferable to select a variable -member group having a maximum 
cost at the current point of time. Then, in step S1102, 
unassigned members are selected, within a range that group 
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constraints (F3G. 3) are satisfied- Then., for each of the 
unassignecl memhexs thus selected {S1103) < the following steps 
are taken; Each selected member is made to tentatively belong 
to the selected variable -member crroup (51103a) , and. using rlie 
plan re -formation meanE 17, a tentative visiting plan and a 
tentative cost are determined (S1103b) . Finally, if eaeeeution 
or step S1103 results in a condition that a minim-ura tentative 
cost of the selected variable -member group is lower than an 
original cost thereof (31104), the following steps are taken: 
The members tentatively unassigned in step SllOl are formally 
unas.sierned from the selected variable -member group (S1104a) , 
an. unassigned member "a" which has caused the minimum tentative 
cost is selected {S1104b) , the unassigned member "a" is made 
to formally belong- to the selected variable-member group 
(sil04c) , and the tentative visiting plan is formally adopted 
for tHe selected variable-member group (S1104d) . Thus, members 
can be exchanged even for a' variabl-e-memaber group in which the 
number of members is equal to the maximum number of accommodable 

members <FIG. 3) . 

Referring to Fic3S. 13 and 14, in step S1201, a plurality 
of variable -meitOaer groups are selected, in variable -member 
group selection, at least one variable -member group having a 
maximum cost at the current point of time may be selected from 
all the variable -member groups, in an alternative fashion, a 
vaari able -member group having a maximum cost at the current point 
of time and a variable -member group having a minimum cost at 
the current point of time may also be selected from all the 
variable -member groups. Then, in step 1202, the selected 
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variable -member, grouDS are aivided into a variabie-member group 
having a maximum cost (variable -member group "A") and a set of 
tlie ottier variable -mQmber groups {variable -member group set) . 
Then, for each vaz-iable-member group belonging to the set of 
the other variable -member groups (S1203)., the following steps 
are taken; Within a range that group constraints are satisfied, 
members are tentatively exchanged between the variable -meniber 
group "A" and. each variable -member group t><slojagiii.gr to the set 
of the other variable -member groups (S1203a) . Using the plan 
re- formation means 17, a tentative vi&iting plan and a tentative 
cost are determined for each variable -member group belonging 
to the set of the other variable -member groups <S12 03b) and 
a tentative visiting plan and a tentative cost are determined 
for the variable -member group "A" (S1203c> . In comparison 
between the tentative cost of the variable -member group "A" and 
the tentative cost of each variable -member group belonging to 
the set of the other variable -member groups, a higher cost is 
taken as a pair cost {S1203d) . Finally, if a minimum pair cost 
value ia lower than an original cost (maximum COStJ of the 
variable -member group "A" (S1204) , the following steps are 
taken: A variable -member group "a" which has caused the minimum 
pair cost value is selected (S1204a) , the tentative exchange 
of the members between the variable -member group "a" and the 
variable -member group "A" ■ in''step ''312 63*^ is formally adopted 
(S120d&) , the tentative visiting plan for the variable -member 
group "a" in step S1203b is formally adopted (S1204c) , and the 
tentative visiting plan for the variable- member group "A" in 
step S1203C is formally adopted (S1204d) , Thus, proper 
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exetLang© of rtiendsers between variable -mejiiber groups can be 
carried out properly. 

The cost calc-ulation means 16 is then described below. 
The cost calculation means IS is supplied -with a. visiting- plan 
Xi for grroup "i" in state x, and information on destinacions 
and information on members retained, in che input means ll. in 
response to cbese information, the cost calculation means 16 
returns a eossfc Pi (Xi) for- the visiting- plan Xi . For example, 
in the present embodiment, the cost' Fx (Xi) is designed as 
expressed below: 

Pi (Xi) = Ai X (M (Xi) + W (Xi) ) + Bi (Eq. 3) 

In this expression, M (Xi) indicates a tot:al time required 
for movement in the visiting plan xi, and W (Xi) indicates a 
total time required for accomplishing casKs in the visiting plan 
Xi. Hence, (M (Xi) + W {xi3 ) represents a total time r-eguired 
for carrying- out the visiting plan Xi","i . e. ,"a load to be imposed 
on group "i". ai is a coefficient inherent in group "i", and 
Bi is a threshold inherent therein. "Using these values i a load 
ratio among groups can be adjussted. Calculation of M (Xi> is 
rather easy in a situation where the number of members in a group 
is "1" (distance between two destinations / movement speed of 
a member going on a visit) . In a situation where the number 
of members in a group is "2" or more, however, it is required 
to some adjustment due to constraints on the members (it is 
required to predetermine h ow a member is to mo-va while another 
member is on the way to a certain d^s: tlnation) - 
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The ^)lan re-f oxroation means 17 is then described below. 
Tii& plan are- f oartnation means 17 is used by tho new~assi^ninen.b 
mea.n.s 13, the re -assignment means 14, or the ^r-oup 
re " arrangement means 15. Supplied with, information on memijers 
belonging to group "i", information on assigned destinations 
for group "i" , information on destinations retained by the input, 
means 11, and information on members retained ay the input means 
11, the plan re -formation means 17 generates a visiting plan 
Xi using the cost calculation means IS. This function can be 
implemented through the use of an optimization techniejue such 
as a greedy method, hill -climbing method, neural network model 
method, simulated annealing method or genetic algorithm method, 
a heuristic technique, or any combination thereof. 

The output means 18 is then described below. An optimum 
state memorized in the state memory means 12 is output to an 
external circuit throngh the output means 18. 

As set forth hereinabove, it is to be understood that the 
present invention is not limited in its application to Visiting 
plan g-enex-ation on a group -by- group basis as in the Traveling 
Salesman Problem. The present invention is also applicable to 
generation of a variety of action plans, for example, in an 
electronic part assembly process in which IC devices are mounted 
onto printed circuit boards (each of plural arras having a device 
(each of plural visitors) moves to- Cvdsits) ■ -a ■ predetermined 
position on a printed circuit board for mounting the device 
t&ereonto) , or in package distribution operation in 
transportation . 

The invention may be embodied in other specific forms 
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without departing from the spirit or essential eharacteristico 
thereof. The present embodiment: is therefore to be considered 
in all respects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended claims rather 
than by the foregoing description and all changes wnich eome 
within the meaning and range of equivalency of the claims are 
therefore i.ntended to be embraced thez-eixi. 



- s-2o;2i :38 im^mm 



; 03521 02520 



23 

wbac is Claimed: is i 

1. A visiting- plan generation method of generating a 
visitins plan for a plurality of groups to visit a plurality 
of destinations on a task-sliaring -b-a-sisv ■ comprising tiae seeps 
of: 

inputting at lease information on said, plural g-roups, 
information an merabers of eacli of said plural groups, and 
Information on said plural destinations; and 

per-f oarmiiig- optimum formation of said plural g-jroups and 
optimum destination assignment to each of said plural g-roups 
by using a cost function for evaluating said visiting plan. 

2. A visiting- plan g-eneration method as claimed in claim 

1, 

wherein at least one of processing operations including 
minimization processing for minimizing a maximum cost value in 
said plural groups, minimi zatiop. pro.ceseing; for minimizing an 
average cost: value in said plural groups, and equalisation 
processing for equalizing cost values in said plural groups is 
carried out using a cosst function for evaluating said visiting 
plan . 

3 . A visiting plan generation method as claimed in claim 
1 or 2, 

Wherein, if an unassigned destination is found, new 
assignment of said unassigned destination and visiting plan, 
re- formation therewith are performed, and as required, 
re-assignment of already assigned destinations and/or 
re- arrangement of said plural groups, and visiting plan 
re -formation therewith are performed. 
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4, A visiting- plan generation method of gejieratirxg a 
visiting plan for a plurality of sx-oups to visit a pl-urality 
of destinations on a task- sharing basis, comprising the steps 
of .- 

inputting at least information on said plural groups, 
information on members of each, of aaid plural groups, and 
information on said plural destinations; 

perfoxming optimum formation of said plural groups, 
optimum destination assignment to each o£ said plural groups, 
and optimum planning fqr eacp,. of gaid. plural, groups by using 
a coest function for evaluating- said visiting plan when said 
plural groups visit said plural destinations on a task- sharing 
basis ; 

if an unassigned destination is found, 

inputting at least information on said unassigned 
destination, information on said plural groups, and information 
on memjaers of eaca of said plural groups; and 

performing new assignment of said unassigned 
destination and visiting plan re -formation therewith using a 
'icost function for evaluating said visiting plan; 

as required, performing re-assignmenc of already assigned 
destinations and/or re -arrangement of said plural groups, and 
visiting plan re -formation therewith; and 

carrying out at least one of processing operations 
including- minimizatian processing- for minimizing a maximum cost 
value in said plural groups, minimization proceassiag for 
minimizing an average cost value in said plural groups, and 
ecjualization processing for equalizing cost values in said 
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plural groups . 

5. A visitiiasr plan generacion mechod at generating a 
•v-isitxng plan in wtiich., for a pluralicy of groups naving 
invariable and/or variable .rnjemberj^. . .to. yisit^ a of 
oLestinations on a task- sharing basis, optirouin formation of 
variable -member groups, optinmin destination assignment to said 
plural groups , and optimiim planning for each of said plural 
groups are accomplished, said visiting plan generacion inecbod 
coiuprising cbe steps of; 

inputting at least information on said plural 
destina-cions, information on said plural groups, and 
information on members of each of said plural groups; 

performing new assignment of unassigned destinations , and- 
viei-cing plan re -formation tlierewith using a cost function for 
.evaluating said visiting plan; 

as required, performing re -assignment of already assigned 
: destinations and/or are - arrangement of said variable -member 
groups, and visiting plan re- formation therewith; and 

carrying out at least one of processing operations 
^including itiiiximization processing for minimizing a maxiiaum cost 
value in said plural groups, roinimizatioii processing for 
minimizing an average cost value in said plural groups, and 
equalization processing for equalizing cost values in said 
plural groups. 

6. A visiting plan generation metHod as claimed 'in claim 

5, 

wbearein said information on said destinations contains 
locations of said destinations, and as required, said 
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information, on said destinations also contains conditions of 
tasks to be performed at said destinations. 

7. A visiting plan generation method as claimed in claim 
S or 6, 

wherein, in case that itif ojrwation on any of said plural 
groups connains attributes of said group, said, attriuutes being 
invar-iabie or variable, and group constraints fos- consfcaraixains^ 
members belonging to said group, and that said group is a 
variable -member group, data of initial group formation is also 
indicated. 

S. A -visi-ting plan generation method as claimed in claim 

7, 

wherein, in case that constraincs Cor any group inciuse 
a relationship among members belonging to said group and that 
said group is an invariable -member group, data of group 
formation Is also indicated; and in case that said group is a 
=varlable -member group, the maximum number of accommodable 
=inerobers and designations thereof are indicated. 

3, A visiting plan generation method as claimed in claim • 

5/ 

wherein information on any member contains a mobile 
capability of said member and a working capability thereof. 
10 . A visiting plan' generation method as claimed in claim 

5, 

wherein said cost function contains a coefficient 
inherent in each group and/or a threshold inherent therein. 

11. A visiting plan generation method as claimed in claim 

5, 
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wherein a value of said cost function repreeente a 
disfcan-c© and/or a time. 

12 . A visiting plan generation method as claimed in claim 

whereiii, at ttie time of new assignment, of an unassigned 
destination and visiting plan re-forinat.ioii tlierewi tjdi , group 
selecclon is made for said unassigned destination^ tentative 
assignment of said unassigned destination., re-formation of a 
tencacive visiting plan, and tentative cost calculation are 
performed for each group, said unassigned destination is 
formally assigned to a group Having a minimum tentative cost, 
and said tentative visiting plan is adopted formally. 

13 . A visiting plan generation method as claimed in claim 

12, 

wherein, in group selection, at least a group having a 
minimum 'cost at the cujrreiit ^pqint^ Of time is selected. 

14 . A visiting plan generation method as claimed in claim 

5, 

wixerein, in re-assignment of already assigned 
destinations and visiting plan re- formation therewith, a 
plurality of groups are selected, said selected plural groups 
are aivlaed into a group A having a maximum cost and a set of 
the other groups, already assigned destinations are tentatively 
unassigned from said group A, tentative visiting plan 
are- formation and calculation of a tentative cost A are performed 
for said group A. and tentative assignment of said tentatively 
unassigned destinations, tentative visiting plan re- formation, 
and tentative cost calculation are performed for eaefa. group 
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Jaelong-lng to said set of th.© oth^r groups; and ' 

wlierein, if a mxuimuni tentative cost B and said tentative 

cost A are lower than an original cost of said group A, tentative 

conditions that have caused said tentative cost A and tentative 

cost B are adopted formally. 

15 . A visiting plan generation raetnod as claimed in claim 

X4, 

wiierein, in selection of a plurality of groups/ at least 
a group having a mascimum cost at the current point of time and/or 
a group having a minimum cog t'-af the 'cuxirent point of time are 
fislected . 

16. A visiting plan generation method as claimed in claim 

5, 

wherein, in variable -member group re - arrangement and 
visiting plan re- formation therewith, a variable -weznber group 
in which, the number of rnembers is smaller th3.n CHe maximum number 
of accominodable members is selected, nnassigned members are 
selected within a range tliat group constrains are satisfied, 
each of said members thus selected is tentatively assigned to 
said selected variable -member group, and tentative visiting 
plan re- formation and tentative cost calculation are performed; 

ana 

wherein, if a minimum tentative cost is lower than an 
original cost of said selected variable -member group . tentative 
conditions that have caused said minimum tentative cost are 
adopted formally. 

17 . A visiting plan generation menhod as claimed in claim 

16, 
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wh-er-eia, in variable -group selection, aCToug 
variable -member garoupo in which the number of members is smaller 
than, the maximum number of accoxniuodable members, a 
variablc-menaber group having a maximum iabsoiute value of 
difference between the number of members and the roaxiroum nuniber 
of accommoflable luembers is selected. 

IS. A visitiag plan generation method as claimed in claim 

5, 

wherein, in variable -member group rc - arro-ngcment and 
visiting plan re- formation therewith, a variable -member group 
p is selected, at least one of members of said selected 
m v-arxable-mcnnber g-roup is unassig-ned, unassigned members are 

m 

lH selected -within a range that group constraints are satisfied, 
•each of said members thus selected is tentatively assigned to 
Efl said selected variable -member group, and tentative visiting 
pplan re -formation and tihtatiij'e'coslt'cialcrulation- are performed; 

^nand 

m wherein, if a minimum tentative cost is lower than an 

jioriginai cost of said selected variable -member group, tentative 

conditions that have caused said minimum tentative cost is 

adopted rormaXly. 

19 ♦ A visiting plan generation method as claimed in claim 

18, 

in variable -member group selection, a variable -member 
grooxp having a mascimum cost at the current point of time is 
selected from all the variable -menOser groups. 

20 . A visiting plan generation method as claimed in claim 

5, 
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wherein, in variable -member group re-assignment and 
visiting plan re- formation, a plurality of variable-member 
groups arc selected, s&icL selected plural variable -member 
g-aroups are divided into a variable -member group A having a 
maxim-um cost and a set of the other variable -member groups, 
tentative metnber exchange is made between each variable -member 
group belonging to said, set of the other variable -member groups 
and said variable -member group A within a rang© that group 
eonsfcraints are satisfied, tentative visiting plan 
re"£o2rma.ciori and tentative coac calculation are performed for 
Uieaid set of the other variable -member groups, tentative visiting 
iriplan re -formation and tentative cost calculation are performed 
?.',for said variable -member group A, and a tentative cost of said 
= ^set of the other variable -member groups is compared witn a 
Critentative cost of said variable -member group A to select a pair 
f^cost corresponding to a higher one; and 

l-[ wherein, if a minimum value of said pair cost is lower 

Iflthan an original cost of said variable -member group A, i.e., 
Ifi maxiiaum cost, tentative conditions that have caused said 
minimum value or said pair cost are adopted formally. 

21- A. visiting plan generation method aa claimed in claim 

wherein, in selection of a plurality of variable -member 
groups, at least a variable -member group having a maximum cost 
at the current point of time is selected from all the 
variable -member groups. 



22. A visiting plan generation method as claimed in claim 

20, 
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wherein, in selection of- a plurality of variable -member 
groups, either one of a variable -member group having a maximum 
coBt at th-e current point of rime and a variable -member group 
having a minimum cost at the current point, of time is seiecteta 
from all the variable -member groups. 

23. A viaiting plan generation system, cbmprisingr 
input means for receiving various kinds of necessary 
information for visiting plan generation ; 

state memory means for memorizing a state at a 
predetermined point of nime and an optimum state in preceding 
visiting plan conditions; 

new- assignment means for newly assigning an unassigned 
destination; 

re -assignment means for re -assigning an already assigned 
destination; 

group re -arrangement means for re -arranging groups; 

plan re -formation means for re-forming a visiting plan 
for each group; and 

cost calculation means for calculating a visiting plan 
cost for each group. 

24. A visiting plan generation system as claimed in claim 
23/ . 

wherein said input means is so structured as to receive 
at least information on destinations, information on groups, 
and information on members . 
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A visiting plan generation method and system for promptly- 
carrying out optimum formation of groups, optimum destination 
assignment to the groups, and optimum planning for each, of the 
groups in an optimizaclon problem of an. action plan, m 
impl amenta tion, at least information on plural groups which are 
to caJce visiting actions, information on members o£ each of th© 
plural groups, and information on destinations ar© received by 
input means, and optimum formation of the plural groups and 
optimum destination assignment to each of the plural groupa arc 
performed by coot calculation means which provides a cost 
function for evaluating a visiting plan. Thus, in preparation 
of a visiting plan for a plurality of groups to visit a plurality 
of destinations on a task-snaring hasis, it is possible to carry 
out optimum formacion o£ the plural groups, optimum destination 
assignment to the plural groups, and opcimuin planning for eacn 
of the plural groups. "' ' ':' 
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DESTINATION 


LOCATION (X. Y) 


KIND OF TASK 
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(34.93) 


TASK C 
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(78,4S) 


TASK A 
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(13,5) 


TASK A.B 
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TASK B 
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TASK A 
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TASK A 


11 


(29.47) 1 TASKC 
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MEMBER 


MOBILE 
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WORKING CAPABILITY 
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TASKC 


1 


•7 . • 
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START 



SELECT UNASSIGNED 
DESTINATION. 



,S801 



SELECT GROUP. 



.3802 



FOR EACH SELECTED GROUP, TAKE 
THE FOLLOWING STEPS: 



, S803 



TENTATIVELY ASSIGN UNASSIGNED 
DESTINATION TO EACH 
SELECTED- GROUP. ■ 



• USING PLAN RE-FORMATION MEANS 17, 
DETERMINE TENTATIVE VISITING PLAN AND 
TENTATIVE COST FOR EACH SELECTED GROUP. 



■ S803b 



SELECT GROUP "a" HAVING MINIMUM 
TENTATIVE COST FROM SELECTED GROUPS.' 



FORMALLY ASSIGN UNASSIGNED 
DESTINATION TO GROUP "a" 



FORMALLY ADOPT TENTATIVE VISITING 
PLAN FOR GROUP "a" . 



-S806 



END 
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START 



SELECT A PLURALITY OF GROUPS 



DIVIDE SELECTED GROUPS !NTO: 

• GROUP HAVING MAXIMUM COST (GROUP "A") 

- A SET OF THE OTHER GROUPS (GROUP SET) 



TENTATIVELY UNASStGN DESTINATION 
FROM GROUP "A" 



USING PLAN RE-FORMATION MEANS 1 7. 
DETERMINE TENTATIVE VISITING PLAN AND 
TENTATIVE COST FOR GROUP "A" . 



'S901 



-S902 



-S903 



-S904 



FOR EACH GROUP IN SET OF THE OTHER 
GROUPS. TAKE THE FOLLOWING STEPS: 



'S90G 



TO EACH GROUP, TENTATIVELY ASSIGN 
DESTINATION WHICH HAS BEEN 
TENTATIVELY UNASSIGNED IN S903. 



USING PLAN RE-FORMATfON MEANS 1 7. 
DETERMINE TENTATIVE VISITING PLAN AND 
TENTATIVE COST FOR EACH GROUP. 



-S905a 



-S905b 



© 
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SELECT GROUP "a" HAVING MINIMUM 
TENTATIVE COST FROM SET OF 
THE OTHER GROUPS. 



, IF TENTATIVE COST OF GROUP "A" 
AND TENTATIVE COST OF GROUP "a" ARE 
LOWER THAN ORIGINAL COST OF GROUP 
"A" . TAKE THE FOLLOWING STEPS : 



'S907 



FORMALLY ADOPT TENTATIVE 
UNASSIGNMENT OF. GROUP "A" IN S903 , 



-S907a 



FORMALLY ADOPT TENTATIVE VISITING 
PLAN FOR GROUP "A" IN S904 . 



-S907b 



FORMALLY ADOPT TENTATIVE 
ASSIGNMENT TO GROUP "a" IN S905a . 



-S907c 



FORMALLY ADOPT TENTATIVE VISITING 
PLAN FOR GROUP "a" IN S905b. 



-S907d 



END 
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FIG. 11 



SELECT VARIABLE-MEMBER GROUP IN 
WHICH THE NUMBER OF MEMBERS IS 
SMALLER THAN THE MAXIMUM NUMBER 
OF ACCOMMQDABLE MEMBERS . 



SELECT UNASSIGNED MEMBERS WITHIN 
A RANQE THAT GROUP COiMSTRAfNTS 
ARE SATISFIED FOR SELECTED 
VARIABLE-IMEIVIBER GROUP . 



FOR EACH OF UNASSIGNED MEMBERS THUS 
SELECTED, TAKE THE FOLLOWING STEPS: 



S1001 



SI 002 



S1003 



TENTATIVELY ASSIGN UNASSIQNED 
. . MEMBER TO SELECTED 
VARIABLE-MEMBER..aROUP. ... 



USING PLAN RE-FORMATION MEANS 1 7. 

DETERMINE TENTATIVE 
VISITING PLAN AND TENTATIVE COST. 



SI 003a 



SIOQSb 



IF MINIMUM TENTATIVE COST OF SELECTED 
VARIABLE-MEMBER GROUP IS LOWER 
THAN ORIGINAL COST THEREOF. TAKE 

THE FOLLOWING STEPS : 



SI 004 



SELECT UNASSIGNED MEMBER "a" WHICH 
HAS CAUSED MINIMUM TENTATIVE COST. 



FORMALLY ASSIGN UNASSIGNED MEMBER "a' 
TO SELECTED VARIABLE-MEMBER GROUP. 



FORMALLY ADOPT TENTATIVE 
VISfTING PLAN FOR SELECTED 
VARIABLE-MEMBER GROUP. 



S1004b 



SI 004c 



END 
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START 



SELECT VARIABLE-MEMBER GROUP. 
AND TENTATlVeUY UNA6SIGN 
AT LEAST ONE OF MEMBERS' THEREOF: " - 



SELECT UNASSIGNED MEMBERS 
WITHIN A RANGE THAT GROUP 
CONSTRAINTS ARE SATISFIED. 



FOR EACH OF UNASSIGNED MEMBERS THUS 
SELECTED, TAKE THE FOLLOWING STEPS: 



- S1101 



' S1102. 



-S1103 



TENTATIVELY ASSIGN UNASSIGNED MEMBER 
TO SELECTED VARIABLE-MEMBER GROUP. 



USING PLAN RE-FORMATION MEANS 1 7. 
DETERMINE TENTATIVE VISITING PLAN AND 
VISITING COST. 



IF MINIMUM TENTATIVE COST OF SELECTED 
VARIABLE-MEMBER GROUP IS LOWER THAN 
ORIGINAL COST THEREOF. TAKE THE 

FOLLOWING. STEPS .. • . .. 



FORMALLY UNASSIGN MEMBERS WHICH HAVE 
BEEN TENTATIVELY UNASSIGNED IN S1 101. 



SELECT UNASSIGNED MEMBER "a" WHICH HAS 
CAUSED MINIMUM TENTATIVE COST. 



'SI 104a 



'SI 104b 



FORMALLY ASSIGN UNASSIGNED MEMBER "a" 
TO SELECTED VARIABLE-MEMBER GROUP. 



FORMALLY ADOPT TENTATIVE VISITING PLAN 
FOR SELECTED VARIABLE-MEMBER GROUP. 



END 



Ml 
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SELECT A PLURALITY OF 
VARIABLE^MEMBER GROUPS. 



DIVIDE SELECTED VARIABLE-MEMBER 
GROUPS INTO: 

■ VARIABLE-MEMBER GROUP HAVING MAXIMUM 
COST (VARIABLE-MEMBER GROUP "A") 

• A SET OF THE OTHER VARIABLE-MEMBER 
GROUPS (VARIABLE-MEMBER GROUP SET) . ' 



-S1201 



' SI 202 



FOR EACH VARIABLE-MEMBER GROUP 
BELONGING TO SET OF THE OTHER VARIABLE- 
MEMBER GROUPS, TAKE THE FOLLOWING 
STEPS: 



•r*^^^J%W%lW£'^WJ^\^'^'^''^ PLAN AND 
TENTATIVE COST FOR EACH VARIABLE-MEMBER 
GROUP BELONGING TO SET OF THE OTHER 

VARIABLE-MEMBER GROUPS . 



DETERMINE TENTATIVE VISITING PLAN AND 
TENTATIVE COST FOR VARIABLE-MEMBER 
GROUP "k" . 



-SI 203c 



IN COMPARISON BETWEEN TENTATIVE COST OF 
J69H.^AR!ABLE-MEMBER GROUP BELONSINQ TO 
SET OF THE OTHER VARIABLE-MEMBER GROUPS IN 
812031) AND TENTATIVE COST OF 
ABLE MEMBER GROUP "A" IN SI203C. A 



VARl. 

HIGHER COST 



>.■ TAKEN -AS PAIR CO&T.' 



© 



FIQ.14: 



IF MINIMUM PAIR COST VALUE IS LOWER 
THAN ORIGINAL COST OF VARIABLE- MEMBER 
GROUP "A" TAKE THE FOLLOWIIMCS STEPS : 



^S1204 



SELECT VARIABLE MEMBER GROUP "a" 
WHICH HAS CAUSED MINIMUM PAIR COST 
VALUE CFROM SET OF THE OTHER 
VARIABLE-MEMBER GROUPS) . 



FORMALLY ADOPT TENTATIVE EXCHANGE 
OF MEMBERS BETWEEN VARf ABLE-MEMBER 
GROUP "a" AND VARIABLE-MEMBER GROUP 
-A^ IN SI 203a. 



FORMALLY ADOPT TENTATIVE VISITING 

PLAN FOR VARIABLE GROUP 
a IN SI 203b. 



FORMALLY ADOPT TENTATIVE 
VISITINQ PLAN FOR VARIABLE-MEMBER 
GROUP ''A" IN ei 203c. 



-S1204d 



END 



